Resin Transfer Molding (RTM) is a composite manufacturing process. A preformed fiber is placed in a closed mold and a viscous resin is injected into the mold. In this paper, a model is developed to predict the flow pattern, extent of reaction and temperature change during filling and curing in a thin rectangular mold. A numerical simulation is presented to predict the free surface and its interactions with heat transfer and cure for flow of a shear-thinning resin through the preformed fiber. Finite difference method with marker and cell procedure has been used for front flow position prediction. To verify the model results, the temperature profiles for preformed fiber have been calculated, and compared with the experimental results of the other researchers. The results showed that, to optimize the better quality of production of composite materials, and also considering the effect of curing on temperature distribution during the process, the heat dispersion term should not be neglected.
INTRODUCTION
The liquid molding process is of strong economical interest for the production of medium quantities of very high quality composite materials. In fact, the cost reduction of such a material is of prime importance. Therefore, it is important to restrict, as much as possible, the time needed to design the mold and the delivery system. Moreover, one should determine the optimal processing parameters. To analyze the process, a numerical simulation is one of the cheapest ways to evaluate the required injection duration at the best condition. In this forming process (RTM), a liquid resin is injected into a mold where a fiber mat has been placed beforehand. As the result of heat activation, the filling is performed before resin solidification. Since, the fiber orientation is perfectly controlled in this method; there are some advantages of this process with respect to the conventional injection or compression molding of fiber suspension.
Heat transfer in a porous material depends on the molecular construction of medium. Therefore, during the non-isothermal RTM process, conduction and convection heat transfer play an important role [1] . A convenient numerical modeling to analyze the heat transfer is based on the volumetric averaging of field quantities.
The discrepancy between the microscopic thermal convection and the volumetric averaging is called the mechanical heat dispersion. The heat dispersion term was neglected by [2] in nonisothermal RTM process. Tucker and Dessenberger [3] showed that heat dispersion is important in typical RTM process by conducting a nondimensional analysis. Dessenberger and Tucker [4] conducted some experiments by using random performs and compared the numerical results with and without dispersion term. Of course, they applied the local thermal equilibrium model in their study, which assumes that the fiber tows and resin system reach the same temperature instantaneously on contact. To simplify the analysis, the RTM process can be divided into mixing, filling and curing stages. A general overview of RTM modeling can be found in the review of Mal and Castro [5] [6] [7] .
In the present paper, a model for the nonisothermal simulation of RTM is investigated. Also, the influence of the curing reaction on the filling is studied. The thermal behavior of the resin and the reinforcement is analyzed. Finite difference method with marker and cell procedure was applied as a numerical method to analyze the model.
THEORY
To consider the mathematical model, the relevant dimension according to experimental specimen was chosen. Figure 1 shows a simple schematic of the process. The first average concept to be considered is porosity. It is defined as the local ratio of the volume to be filled by the liquid to the total volume. -Heat is transferred by convection in Xdirection. Conduction heat transfer is in X and Y directions. The flow equation in X-direction is determined by Darcy equation [8] :
It should be noted that other mathematical models, which include inertia term like Forschheimer model, could be used. However, in this work, due to flow velocity ranges Darcy's equation has been applied. The temperature field plays a major role in the resin transfer molding and can strongly affect the flow through its influence on the fluid viscosity. Therefore, the effects of two phases must be taken into account in each equation, which will undoubtedly increase the accuracy of the results. The local thermal equilibrium assumption is completely valid for the process, for two reasons. Firstly, it is impossible to measure each phase temperature separately. Secondly, the characteristic time governing the heat transfer between the liquid and solid phases is small as compared with the process time scale. As a result, a single temperature for solid and fluid must be considered [8] :
The subscript f, s in the equation refers to the, liquid phase (resin) and solid phase (fiber mat), respectively. In order to get a unique energy equation, the contributions of the liquid and solid phases must be added. Hence, the resulting equation is as follows [5] :
where P C denotes heat capacity, e K is average molecular thermal diffusion tensor. Also, D K is the mechanical mixing tensor H ∆ is the reaction heat and the function ) C , T ( F represents the curing kinetics. These two tensors can be explained as below:
Where b shows the deviation vector between microscopic temperature and local equilibrium temperature which is:
The boundary conditions on the wall and at inflow are Dirchlet condition, and can be written as follows: wall T T >= < (9) and front flow velocity is:
The species balance equation is written in the form as follows:
Where it is assumed that the molecular diffusion within the macro molecular medium is negligible, while mechanical dispersion is governed by the tensor d D .
By definition,
which dp is the equivalent solid particle diameter.
So, it is assumed ( ) 
The kinetic mechanism is more complex than simple second order [7] . However, for process modeling what had to be used was the only phenomenological reaction, which is:
NUMERICAL METHOD
The mid-surface of the part is covered at the outset of the simulation by a fixed mesh over which the flow front is moved. The highly non-linear character of the equations suggests a decoupled iterative solution strategy for this purpose. The simulation comprises a set of modules devoted to calculate the pressure, velocity, temperature and conversion degree fields at each time step separately.
The calculation begins at the mold entrance at each time step and proceeds upstream. The program switches from main flow to front flow. The global algorithm manages the interaction between the different modules. A simple iterative strategy was selected. From the knowledge of all fields at time n t and an estimate of these fields at 
NUMERICAL RESULTS
The material data used in the simulations are given in Table 1 . The composite thermal conductivity is a function of the phases' conductivity through the Chang's model [8] . The front flow position at the different pressure gradients has been shown in Figure 2 -a. The front flow position for different gradient pressure was shown in Figure 2 -b. As is seen, the process time is gradually reduced as pressure gradient increases. Also, the increase in pressure causes large difference between the measured values and the calculated ones. As was mentioned before, the effect of k xx can be neglected for Pe<<1. By using this assumption and Chang's model. Figure 3 shows the temperature distribution with and without consideration of the curing. In this figure dispersion is compared with the Hsiao et al. results [9] . Figure 4 shows the temperature distribution based on y/H for different points of the mold. At the mid plane for x./L = 0.58, there is a maximum temperature. The effect of curing on the temperature distribution in different positions of the medium is shown in Figure 5 . Figure 5 -b shows the temperature distribution for different y/h values. Also, at part (c) and part (d) of this figure the location of constant temperature was shown. This result shows that during curing, the temperature rises up to a maximum value and then decreases due to the heat conduction to the mold walls. Also, for the thicker mold, the results are shown in Figure 6 . In this case, the maximum temperature value is smaller, but there is still a large temperature difference between the center and near the wall. This is the reason for the difference in properties from the center to the wall. 
CONCLUSIONS
In this paper, a model for the non-isothermal simulation of the RTM was developed. Also, the mechanical dispersion term was included in this model. The results show the importance of mechanical dispersion and curing on the temperature field. The trial and error method was used for the exact determination of fluid free position by finite difference method. By using scale analysis, it was shown that the thermal dispersion term is negligible at the mid-surface direction in comparison with other directions. Also, the results have shown the existence of a maximum in thermal distribution during of the RTM process. 
NOMENCLATURE

